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ABSTRACT
An analysis was carried out on the process of Supramolecular Nano-Stamping (SuNS) in
order to determine whether or not the science involved has market potential in the DNA
microarray industry. This industry is rapidly expanding and succeeding in such an
atmosphere would generate a large amount of revenue. Supramolecular Nano-Stamping
provides a way to reproduce DNA microarrays at a significantly lower cost than current
competitors who manufacture chips of a similar quality.
The results indicate that Supramolecular Nano-Stamping has the potential to succeed in
the DNA microarray industry. There are many factors which must first be examined
before these conclusions can be reached, including analysis of current and potential
competition, as well as the growth and development of the DNA microarray industry as a
whole. This is done through a detailed intellectual property search and formation of a
cost model and eventual business strategy.
Thesis Supervisor: Francesco Stellacci
Title: Assistant Professor of Materials Science and Engineering
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Introduction
The rising market in the DNA microarray industry has created the demand for a
product that is more effective while being less expensive. This can only be achieved
through greater efficiency in processing. Supramolecular Nano Stamping, SuNS, is the
next step in achieving this goal. Microarrays will be manufactured at a higher production
rate, consequently attaining a significantly lower cost than current competitors. The end
result is a quality product at a fraction of the current market price. The following
provides a detailed explanation of both the engineering and business aspects involved in
Supramolecular Nano-Stamping. The combination of these two points unravels a
thorough business plan for use of SuNS in the microarray industry.
DNA Microarrays
DNA microarrays are essentially substrates that contain an ordered array of DNA
on their surface. Because there are many types of DNA, the strands that are placed on the
array are very specific to the information of interest. The inherent concept of these arrays
is that a small amount of biological sample will be fluorescently tagged and then placed
onto the microarray substrate. The location of where the sample combines to the
molecules on the substrate is monitored and will produce quantitative biological
information about the sample. Figure 1 illustrates a basic DNA microarray, where a
small amount of biological sample is entered and a large amount of biological
information is received.' Details that are obtained include gene expression information
which may identify complex genetic diseases, and polymorphism data which is useful in
areas such as drug discovery and pharmacogenomics.
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F'igure 1: A schematic of DNA microarrays use.'
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Related Industries
DNA Microarrays have the potential to be used in a variety of different market
areas. The fact that such an extensive amount of information can be gained in such a
relatively short period of time is extremely attractive to many industries. Research labs,
healthcare centers and government departments of defense are in a position to receive a
large benefit from these products.
These microarrays are already being used in many research laboratories world
wide. Careful study of disease and genetics is done in order to gain knowledge about the
similarities and differences in those patients who are afflicted with an illness and those
who are not. Because the information attained from microarrays is so detailed,
researchers can analyze a large amount of data in a short period of time. The goal is to
identify the DNA sequences which will eventually cause a person to develop a disease,
such as cancer, Alzheimer's or multiple sclerosis, before the patient exhibits any
symptoms.
Getting this information to the healthcare industry is the next step after these
DNA sequences are associated with their specific ailment. The broad distribution of
DNA microarrays is one way to accomplish this goal. A physician can test a patient's
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blood by taking a small sample, placing it onto a microarray substrate and having the
results analyzed. If any of their DNA sequences match those that are known to be related
to a serious disease, preventative treatment can begin immediately. This type of early
detection has the potential to save millions of lives while leading to an entirely new age
of medicine.
Government departments of national defense also have much to gain from this
type of technology. Unfortunately, warfare is a reality and research indicates that
biological and chemical attacks are certainly possible. Because microarrays can be used
to analyze many different chemical and biological materials (not just DNA), they would
provide a great advantage if a threatening situation were to occur. Field chemists would
take these microarrays to the scene of the disaster and quickly identify which
chemical/biological reagents are in the area. Treatment for the infection could then begin
immediately, making the spread of the disease easier to prevent.
In order for any of these visions to have some hope of becoming a reality, certain
requirements must first be met. The microarrays need to be user-friendly. A scientist or
physician should be able to analyze data quickly and simply. This means that they will
place a small droplet of sample onto a substrate, place the substrate (microarray) into a
machine and have the results analyzed in a matter of minutes. Secondly, each microarray
must contain a vast amount of information so that the sample can be thoroughly tested in
just one run. Finally, the primary requirement is that this technology needs to be very
inexpensive. Clearly this is a grand vision but if each chip is $10 rather than $1000, there
is a better chance that it could be used in these applications. The average person is not
willing to pay an exorbitant amount of money just to find out they may become sick years
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down the road. Greater efficiency in processing and easier methods of analysis are the
only ways to achieve this goal while still maintaining profitability. Supramolecular
Nano-Stamping has the potential to make the first part of this vision a reality.
Manufacturing Procedures
Currently manufacturing procedures are much slower than demand requires.
Because of the long production time, the cost of each microarray becomes very
expensive. Other methods have a faster production rate, but achieve this through
sacrifice of DNA quality. Two very different methods that encompass both of these
points are Agilent Technology's SurePrint method and Affymetrix's processing
technique which is similar to the technology used in photolithography.2
SurePrint Technology
This method is fundamentally different from the processes used by many other
competitor's in the microarray industry. The goal here is to produce a very high quality
array through a procedure that is similar to ink jet printing, but instead of using an RGB
(red-green-blue) sequence there are thousands of possible "dot" chemistries from which
to choose. The process essentially prints 60-mer DNA probes, base by base, onto a glass
slide. Although the result is a quality array containing a large amount of information
without many defects, production time is very slow causing the chips to be relatively
expensive. 2 ,3
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Photolithography
Using a technology that has been in place for some time, Affymetrix has been
able to produce a microarray with a significantly higher production rate than many of its
competitors. Commercially their GeneChip® system is most widely used.2 The process
involves using a mask to create a specific pattern for the DNA microarray. Ultraviolet
light is then shined onto the mask, which unprotects the linker molecules and makes them
available for DNA coupling. Next the surface is flushed with DNA which then attaches
to the molecules on the substrate. This process is continuously repeated until a strand
length of 25 mers is achieved. The number of processing steps is equal to four times the
length of the DNA strand, which in this case is approximately 100 steps. Figure 2 further
describes this process.4
Figure 2: Visual representation of Affymetrix's process of GeneChip® production.
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Many other companies use various existing processing techniques, but in general there is
a tradeoff that occurs between efficient production and microarray quality. The demand
is for a method that effectively accomplishes both goals. Supramolecular Nano-Stamping
has the potential to meet this demand.
Supramolecular Nano-Stamping
Supramolecular Nano-Stamping, also known as SuNS, is a method of producing
various new arrays from an original "master" substrate. The process begins with two
substrates. One is called the "master"; the other is the "secondary" substrate. The
surface of the starting master is covered with a pattern of single-stranded DNA. The
master is then immersed into a solution containing the DNA complements of the original.
These complementary pairs then self-assemble and combine with their corresponding
molecules from the original master substrate. Next the secondary substrate is gently
brought into contact with the master substrate. Finally the two substrates are heated to
dehybridize the DNA double strands. In the end, both the original master and its
complementary image are left. 5 Figure 3 depicts this process. 6
9
Figure 3: Schematic of the processes involved in Supramolecular Nano-Stamping.6
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Scientific Mechanisms
In order to fully understand the benefit of a particular new technology, it is
important to first review the scientific mechanisms which make the product work.
Supramolecular Nano-Stamping essentially has four main processing steps: master
formation, DNA hybridization, substrate contact, and DNA dehybridization. Within a
manufacturing operation of this scale, there are numerous variables that can be changed
in order to affect the size, cost, and quality of the resulting product. In general, altering
one variable will affect all others involved in the process. Because of this property, it is
necessary to determine all relevant factors and produce a physical model of the operation.
Then decisions can be made in order to manufacture a product that will be of the proper
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quality and cost for the desired market. Usually, there are both microscopic and
macroscopic properties to be considered. They are equally important and require detailed
thought and calculation.
DNA Microarray Density
One of the main goals of microarray processing is to produce a chip that is as
small as possible while being able to hold an enormous amount of information.
Achieving this ambition can be best accomplished by decreasing the size of the droplets
that will placed onto the glass substrates. In DNA microarrays, these droplets contain a
great deal of biological information that will eventually be copied via Supramolecular
Nano-Stamping.
Quantitatively analyzing the size of the chip, as compared to the size of the
droplet, will result in a significant insight about the amount of information that can fit
into one microarray. Eventually, these chips should be very small - around the order of 5
cm2 (one inch2). They should also have a very high density which can be attained by
using a small size droplet - approximately one pico-liter (10-12 L or (10 5m)3 ). For our
purposes we will assume that the droplets are the same length in every direction, although
this is an over simplification that will be further analyzed at a later time. With this
information the number of droplets which will fit on the microarray can be calculated.1
Number of possible spots in x direction = 2.25* 10-2m/10- 5m = 2250 (Eqn. 1)
If we assume that the droplets will only occupy half of the area, then the total number of
possible droplets can be calculated.
Number of total spots in microarray = (1125)2 1.25 million (Eqn. 2)
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This indicates that a very large amount of information can in fact be printed onto a very
small area. Although this can be done in theory, printing the "dots" is very time
consuming and therefore increases the cost of the microarray. This printing process will
be reviewed more when discussing the macroscopic processing considerations.
Master Slide Production
Another mechanism that should be discussed is how the droplets will assemble
onto the microarray. Self-assembly is the primary method for this to occur because of the
chemical absorption that occurs between the molecule and the substrate, as well as the
repulsive forces between the various DNA molecules themselves. It is necessary to
examine both the interactions that may occur within one DNA molecule as compared to
interactions between the two molecules. Interchain reactions occur between two
complementary molecules (A-T or C-G) also known as Watson-Crick base pairing.7
These forces have been experimentally measured and shown to be on the order of 1.7 nN
when the distance between molecules is approximately 5 nm. Although on the order of
micrometers (each drop on this microarray is separated by approximately 10 microns),
the force is essentially negligible. Therefore no interactions will occur between the
molecules on the original master substrate.7
The intrachain forces that occur within a single molecule should also be
examined. This can be determined by analyzing the elasticity of a single DNA strand as
measured by equation 3:
kT =L *-(Eqn. 3)
a Na
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where k is Boltzmann's constant, T is absolute temperature, a is the unit length, N is the
number of units in the chain, x is the elongation distance, and L* is known as the Inverse
L,angevin function. When a is taken to be 0.3 nm and N is 833 units, it can be shown to a
good approximation that the bonds break at a force of 1.5 nN when elastically stretched
to 240 nm. These bonds are relatively strong and will not separate during the self-
assembly process.7 Now that the chemical mechanisms within the initial process of
master formation have been examined, the large-scale manufacturing properties can be
reviewed.
Macroscopic Considerations
The master slide can be formed through various methods, including techniques
similar to photolithography and ink jet printing. Both have major advantages and
disadvantages. Photolithography requires the use of very expensive machinery and
creates a product that can only be about 25 DNA strands long. Ink jet printing results in a
much better quality product with DNA up to 100 strands long, but is much more time
consuming and consequently expensive. In order to fully understand how long it can take
to produce a master slide, some small calculations will be discussed.
Because a quality product is the ultimate goal, ink jet printing will be used as the
example procedure for manufacturing a master substrate. In this process, each dot is
individually printed so that the number of printing steps is equal to the number of dots of
information on the array.3
Production Time = # Dots + Rate of Application (dots/second) (Eqn. 4)
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If we arbitrarily assume that 10 dots/second can be printed, it would take approximately
one day to produce a master slide that contains one million dots of information. This is
clearly a very limiting factor. The rate of application is a variable that will have a
significant impact on both the quality and the cost of the microarray. Printing the
information at a faster rate reduces the quality of the array because there is more room for
error when the machine is working that quickly. At the same time, it also reduces the
cost which is highly important if these arrays are ever going to be used in a larger market,
such as in the health care industry. Although the production of the master slide is a
significant consideration in an actual manufacturing process, the printing steps involved
in replication are more relevant to this discussion and will now be reviewed.
Master Replication
The number of replications that can be made from one master slide is another
substantial variable in Supramolecular Nano-Stamping. Currently, the amount of
deterioration that occurs in the microarray during printing is unknown and requires
further research. At present, a master has been used to make up to three replicas without
any noticeable change in the quality of the secondary substrate. 5 In order to get a general
idea of how the master can be re-used, it will be assumed that every time the master is
used to print, the quality will deteriorate by 5%. For example, if the master is perfect
(100% quality), the first secondary substrate will be 95% pure. It turns out that this
works similar to a Fibonacci sequence.
Total Number of Replications = 2n (Eqn. 5)
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where n is the number of replications produced from the original master. Figure 4 further
explains this sequence.
Master (100%)
1st (95%) 2 nd (90%) 3 rd (85%) 4th (80%)
la(90%) lb (85) ic (80%) 2a(85%) 2b (80%) 3a(80%)
lai (85%) laii(80%) lbi(80%) 2ai (80%)
laia(80%)
Figure 4: Total of number of replications up to 80% quality = 2n = 24 = 16
The actual deterioration in quality that occurs during printing must be further
examined, as well as the percentage in quality that is acceptable in manufacturing.
Changing the master slide less often and making more replications from it will greatly
reduce the cost of the DNA microarray that is produced, but it will also cause some of the
arrays to have a lower quality. All of these factors must be taken into careful
consideration when deciding upon the preferred manufacturing protocol.
DNA Hybridization
After a master slide is obtained, the second step in Supramolecular Nano-
Stamping takes place: DNA hybridization. This process is done by immersing the master
slide into a solution containing the complementary DNA pairs of the original. The DNA
strands on the original substrate will eventually attach to a complementary strand. This
process is rather complicated and very delicate. It takes time for the bonding to occur
causing this step to have the potential to become a rate-limiting factor of SuNS. Various
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models of DNA hybridization kinetics exist and can be used to estimate how long this
manufacturing step may take. Although many have been verified through experimental
results, no one model is confirmed to work better than the others, and each model yields
different results. Therefore for purposes of simplification, possible process variations
will be examined in a qualitative light, rather than through a quantitative analysis, which
could overtime prove to be inaccurate.
The kinetics of dehybridization are affected by many variables, including the
length of the DNA strand, the complexity of the DNA unit
(the number of non-repeating sequences in a DNA strand), the concentration of the
solution containing the DNA complements and the concentration of DNA strands on the
master slide.8 Further research is still being done in order to develop a more accurate
measure for the way in which these variables will directly effect the process of DNA
hybridization. Therefore defining an actual timeline at this stage would be a drastic
estimation and provide very little insight. However, there are scientists in many research
laboratories, such as those at IBM, who are also working on this type of process and have
been able to accomplish it on a similar timescale, approximately 15 minutes. 9 It is also
important to note that although the science may be similar, the applications are not and
consequently, this other research is not in direct competition with Supramolecular Nano-
Stamping.
Interaction of' Surfaces
Once the complementary pairs of DNA strands have hybridized, the next step of
Supramolecular Nano-stamping can occur. This involves bringing the master slide into
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contact with the secondary substrate. Because the DNA molecules are in an aqueous
solution, capillary forces can be used to connect the two surfaces. A pressure gradient is
generated between the two slides due to the attractive force per unit area. The Young-
LaPlace Equation explains the scientific mechanisms that take place:
P=,( R R) (Eqn. 6)
where y is the surface tension of water, R is the radius of curvature, andR 2 leads to
infinity. Therefore the second term can be ignored, leaving the relationship of the
pressure present at the liquid boundary between two infinitely large parallel plates that
are separated by a distance of 2R. l°
AP 7 P F F, = APwh (Eqns. 7,8,9)
R A
The slides can be assumed to be infinitely large because the area of the DNA molecule is
so small in comparison. Equations 8 and 9 relate this pressure to the capillary force (Fc)
exerted by one droplet of aqueous solution (representative of a single DNA
complementary pair where w and h are 2D parameters of its area).
If the area of one DNA complementary pair is taken to be 100 pgm2 (because the
distance between each molecule is 10 ptm in both x and y directions) and the surface
tension of water at 500C is 68 milliNewtons/meter l1, then the capillary force generated
from each droplet as a function of the distance that separates two surfaces can be
determined. Figure 5 and Table I both depict this relationship.
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Figure 5: Capillary Force vs. Distance between master & secondary slides.
Table I: Numerical representation of the capillary force generated from each DNA
molecule droplet as a function of distance between the two surfaces.
istance ressure orce
1mm 68Pa 6.8 nN
100 m 80 Pa 8 nN
10 [tm 6.8 kPa 680 nN
1 pm 8 kPa .8 N
100 nm 680 kPa 68 N
10 nm 6.8 MPa 80 N
1 nm 68 MPa .8 mN
This is a fairly significant force when the number of droplets is considered
showing that the two surfaces have are well connected. Once the surfaces are connected,
the linker molecule of the complementary DNA strands will connect to the secondary
substrate via the same mechanisms that are described in the self-assembly portion of this
discussion. Separating the two surfaces will require overcoming the pressure gradient
and could easily be done by a robotic machine in manufacturing, although the DNA pairs
must first be dehybridized before this delicate process can occur.
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DNA Dehybridization
This step in the manufacturing procedure of SuNS is done to separate the DNA
complementary pairs that occurred during hybridization. The concept is to apply enough
thermal energy to break the bonds between each pair. The melting temperature of these
bonds is fairly low and easy to overcome as shown in Table II.12
Common DNA Sequences Melting Temperature (C)
GTC GTT TTA CAA CGT CGT G 59.4
CAG CAC CTG ACC ATC GAT CGC AGC 66.7
GAC CAC CTT GCG ATC GGG TAC AGC 66.6
ACC TGA CCA TCG TGC GCA GCG GTA 67.4
TGC GGG TAC AGC ACC TAC CTT GCG 66.9
CAG CGG TAG ACC ACC TAT CGT GCG 66.1
GAC CGG TAT GCG ACC TGG TAT GCG 66.5
TGC GAT CGC AGC GGR AAC CTG ACC 66.9
ATC GTG CGG GTA CAG CGA CCA CCT 67.2
CAG CAT CGG ACC GG AAT CGG ACC 66.2
Table II: Melting temperatures of some universal DNA sequences.
Once the bonds are broken, enough force must be applied to the secondary
substrate to overcome the capillary forces between the two surfaces. Once this is
accomplished, the replication process is complete. Now there is a master slide and a
secondary substrate, each being a complementary image of the other.
Intellectual Property
Clearly the science behind SuNS is very creative and well understood. Despite
the strength of this technology, there are still many factors which must be examined
before entering the business market. One major consideration for thought and discussion
is the vast area of intellectual property (IP). It is necessary to understand the current
patents that encompass IP space because there is a large possibility that potential new
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businesses will be affected. Although a thorough IP search can not be completed in a
reasonable amount of time, it is possible to gain insight into the general workings of the
industries involved. In the case of DNA microarrays, there are an extraordinary number
of patents that relate to different processing and analysis techniques. Since it is
impossible to cover each patent, some of the ones which are most applicable to the SuNS
process will be reviewed.
Although microarray processing has begun to achieve much attention in recent
years due to the large increase in technological capabilities, the industry has been around
for quite a while. One of the first patents filed in this area was done so by Whitesides for
a process known as micro-contact stamping (USPN: 5,512,131). Since then thousands of
related patents have been filed. As research began to shift from micro to nano
processing, there began a need for nano-printing. At this point, Hewlett Packard filed
various broad patents for a method known as nano-imprinting (USPN: 5,772,905 &
6,309,580), a process that was designed to print a shape onto a Silicon wafer. In this case
the imprint was for a "hard" mold made of inorganic material, making this particular
process not suitable for organic materials, such as DNA molecules.'3 In more recent
years, various competitors have begun to obtain large areas of intellectual property space
that are more relevant to DNA microarray processing techniques and analysis.
Examining the Competition: Established Companies
Affymetrix is a multi-million dollar company that for years has been able to
virtually dominate the DNA microarray industry through production of their
GeneChip®.2 Because they were one of the first major players in this DNA microarray
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market, their patents tend to encompass a very amount of broad IP space. In general,
Affymetrix owns large "umbrella" patents. One particular example is for libraries of
surface-bound, unimolecular, double-stranded DNA (USPN: 5,556,752). These libraries
would be used in DNA microarray analysis and pharmaceutical discovery, particularly
for screening various samples of DNA, drugs, proteins, and RNA. In many cases,
companies producing microarrays would have to license use of this patent from
Affymetrix if they wanted to perform any in-house analysis.
Although there are many large patents of this nature, this company owns
numerous very specific ones as well. This is a business strategy in itself. Bombarding
the US patent office with these smaller patents makes it difficult for competitors to
identify which parts, if any, of the captured IP space will directly affect their business. In
general this is done to scare smaller companies out of the market. The IP realm is so vast
that many are afraid to even attempt to begin deciphering it.
Agilent Technologies is another large corporation that creates significant
competition in the market of DNA microarray processing and production. Being a spin-
off of Hewett-Packard, their intellectual property is very strong and based on ink-jet
printing technology. This company also holds many patents referring to analysis
procedures (t.SPN: 6,410,243). Although to date Agilent Technologies has held a strong
place in the market, there are fundamental limitations to their technology which will not
allow them to proceed in an environment where inexpensive microarrays are held in such
high demand.
Currently the microarrays that are produced here are very high quality, but are
very time consuming because of this ink-jet printing technique. In order to off-set
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production costs, each array must be sold at a high retail value. Therefore research
groups, who are looking for chips with lots of information and very few defects, will
continue to purchase these arrays, but the healthcare industry, which requires relatively
high-quality yet extremely inexpensive chips) will never be interested in this product.
This creates a situation where a smaller company could encompass a large area of the
market if they could provide a chip that maintains Agilent quality at a much lower cost.
Although Affymetrix and Agilent Technologies are by far the strongest
competitors in the microarray market, there are many other companies, such as Alpha
Innotech, Illumina, and Coming, that have established themselves in the industry.
Illumina, Inc. invented a process for manufacturing composite arrays that can
simultaneously process many samples (USPN: 6,770,441) while Alpha Innotech is
primarily concerned with methods of analysis, such as their florescent tag detection
systems (USPN: 6,271,042). Coming, on the other hand, owns some much broader
patents that encompass lots of IP space. For example, they have methods for forming a
porous inorganic substrate, (USPN: 6,750,023) which is necessary to form a DNA
microarray, as well as methods for connecting DNA molecules to the substrate using
reverse transcriptases (USPN: 6,558,907). Clearly there is a possibility that this type of
intellectual property will affect the scale-up of Supramolecular Nano-Stamping. Any
possible impact that these companies may have will be further examined as the business
aspects continue to unravel.
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Examining the Competition: Start-up Potential
At present, there are over fifty American companies in the DNA microarray
industry, many of which are newer start-up companies. A significant amount of
competition exists both in the United States and internationally. 2 Because there are so
many companies it is nearly impossible to know what everyone else is doing, creating a
serious potential threat. After examining numerous patents that have been filed in this
area, it became increasingly obvious that most of these new start-up companies are
concerned more with analysis techniques, rather than processing. This is beneficial to the
business of Supramolecular Nano-Stamping because it eliminates much of the
competition, opening a large area for new processing techniques to enter the market. The
other advantage is that this ultimate goal of personalized medicine can not be achieved
without improved methods for analyzing microarrays. If many companies focus on this
aspect of the vision, there is more room for collaboration later in the game. Being one of
the few companies who can efficiently process quality arrays is a much stronger market
position than being one of the many who can efficiently analyze them.
There is a significant advantage to starting a company based on a technology with
the potential to revolutionize the industry. To our knowledge, the resulting scientific
process is still very novel and unknown to any other company in the microarray industry.
Despite this fact, each portion of the process must be examined in detail to insure that
SuNS will not infringe upon any patents that have been previously and are currently in
place. This is where all of the smaller start-up companies may become a threat since
some of them have managed to acquire relatively broad patents involving their own
science. For example, Cartesian Technologies has filed a patent (USPN: 6551557) that
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explains a process for transferring fluid samples from a source plate to a target using a
ceramic printing tip. Qiagen also has the rights to a method of arraying a solution onto a
solid support (USPN: 6365349). Although these particular patents do not relate to
Supramolecular Nano-Stamping, they have the potential to be very relevant and it
becomes very time consuming to examine all possibilites. In any case where another
company is producing a product with the same eventual goal as SuNS (an inexpensive,
high density microarry), their method of production is just as important. If particular
steps coincide and the other company owns the rights to the process, the profit potential
of SuNS would decrease rapidly.
Although it appears that most of these start-up companies will not be direct
competitors of the SuNS business, there is still a lot of existing IP space that has not yet
been examined. Patents are being filed at an increasingly high rate and therefore at any
given time, there are numerous patents that are pending approval. These claims are not
accessible to the general public making it impossible to fully understand all of the
existing science and how it may relate to SuNS. Consequently, it must be assumed that
some new companies will develop strong businesses in microarray processing, possibly
becoming an opposing force to SuNS development. Fortunately this potential is not great
enough to deter market entrance, but it should be considered when examining revenue
potential since other companies will undoubtedly be sharing a piece of the pie.
Impact on Business Strategy
After examining the type of IP that is already claimed by competitors, the next
step in dealing with intellectual property issues is to obtain a complete, yet somewhat
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broad patent for the process of Supramolecular Nano-Stamping. In terms of licensing
strategy, it is important that the other application potentials for SuNS, such as protein
microarray printing, are built into the patent design. A patent for this process was filed in
2004 and it is currently patent pending.
It essentially covers a basic method of stamping molecular patterns via self-assembly
technology. Many points are included in order to make the patent as broad as possible
while still remaining clear and detailed. Various methods of master production (such as
dip pen nanolithography and nanopatterning), types of molecules that bind with the
complementary pair, bonding that may occur between two molecules (including
hydrogen, VanderWaals, etc.), substrate materials (e.g. Au, Ag, Cu) and length scale of
the copied molecules are all discussed. There are over two hundred fifty claims in total
in the hopes of claiming as much IP space as possible. 13
Once action is taken towards filing a patent, a business model can begin to be
developed. In this case, it must be assumed that there will be large lawyer fees due to
court trials associated with the intellectual property of larger companies, such as
Affymetrix. These charges must be incorporated into the company's start-up cost. It is
equally important to examine the competition's potential value in the market, as well as
to determine a realistic production price for a SuNS array.
Business Strategy
The purpose of developing new methods of manufacturing current products is two
fold - to reduce product cost and to increase product quality. Developing a realistic
economic analysis is key to determining whether or not an advantage actually exists in
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Supramolecular Nano-Stamping. There are some very large start-up costs associated
with this type of DNA microarray production. Initially a great deal of money is needed
to purchase equipment and facilities. Because of the nature of this process, there is also a
large fee for FDA approval and the court battles that will inevitable ensue due to
intellectual property issues. It is also important to economically compare the SuNS
process to those that are currently in production. Determining the competition's
production cost is an essential piece of a thorough business model; although, it is
necessary to first analyze the consumer market before divulging into the economics of the
business.
Market Research
In recent years there has been steady growth in the billion dollar microarray
industry. Figure 6, which was developed by Kalorama Information, shows the growth
that occurred from 2000-2003 and estimates where the market will be in 2010.6 If the
price of a DNA microarray is ever to decrease to a point where it will be widely used in
the healthcare industry, then the market will increase dramatically. This exponential peak
is where the large potential profit exists.
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Figure 6: Graph of the U.S. market's steady growth for DNA microarray products.
Developed by Kalorama Information, 2003.6
Decreasing the cost of microarray production is one of the many factors that must
be accomplished before the market will grow to this level and eventually surpass it.
Although other sections of the industry, such as analytical techniques and technology,
must be further developed, processing is the primary consideration of Supramolecular
Nano-Stamping and essentially the only factor which could be controlled in this business
model. In general, there is great variation in the price that each industry might be willing
to pay for a DNA microarray. Research laboratories are already purchasing arrays at the
current market price, $500-$2000/chip. The healthcare industry; however, would only
become involved in this market if chips were priced significantly lower, at less than
approximately $50/chip, including full analysis. Finally, government departments of
defense would be somewhere in the middle of these other two industries. A reasonable
27
Growth in U.S. Market for
DNA Microarray Products
1.6
1.4
C 1.2
0 1
m 0.8
4 0.6
C. 0.4
0.2
n
2000 2002 2004 2006 2008 2010
:I::
.. :':
..
·.
'i-·.-:·i·
I:·':""'':·I 9"'··::':·::I
i::::;::`: I··,:·
: · i : ·
''
:·::-:
v l I l I
cost estimate is around $100/chip depending on the quality and therefore the amount of
value that could be received from it.6 Understanding these values is only helpful if a
reasonable cost model for a DNA microarray manufactured via Supramolecular Nano-
Stamping is developed.
Fixed vs. Variable Cost
As previously mentioned, there is a large fixed start-up cost associated with
equipment purchase. Table III lists the cost of a variety of different types of equipment
needed to replicate a DNA microarray via SuNS technology. It can be noted that some of
the equipment can be used for more than one printer. For example, only one master
spotter is needed for up to ten printers. This means that establishing the necessary set up
for one printer will be the most expensive, costing approximately $1.2 million, while the
second printer set-up is only approximately $400,000.6
Table III: Cost of equipment needed for Supramolecular Nano-Stamping.6
Cost per printer
Nanoprinter D&E $400,000 (for 10)
Nanoprinter $150,000
Master Spotter $135,000 (for 10)
Synthesizer $95,000 (for 5)
Hybridizer $40,000
ehybridizer $40,000
Washer $12,000 (for 2)
Cutter 140,000 (for 5)
Storage Trays $60,000
iscellaneous $100,000
Administrative $30,000 (for 5)
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Figure 7 examines other variable costs associated with this process, including
materials cost, labor, administrative, etc. This graph assumes that a small production
plant is being used and only contains one printer. Another important point is that this pie
chart does not take into account large start-up costs that were previously mentioned, such
as the cost of court battles. If this were to be added, the graph would essentially be
meaningless since these costs would represent such a large slice.
Figure 7: Representation of some fixed and variable costs related to SuNS.
Production Cost
After examining the equipment and other various resources needed in order to
produce a microarray via Supramolecular Nano-Stamping, it is possible to identify the
actual production cost of these chips. Figure 8 presents the average price that a DNA
chip would vary based on years in production. It is assumed that the start-up costs are
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approximately $50 million. Using such a large value is necessary because it is implied
that there will inevitably large court trials which will consume a great deal of time and
money and one needs to account for this.
Figure 8: Schematic of the production cost of one SuNS chip over a 10 year period.
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It is assumed that these large start-up costs are divided amongst a ten year period
and that total number of sales increases annually as the business begins to develop
credibility. To a first approximation it appears that in the early years of production, the
cost of a DNA microarray will be around $70. Once the production facility increases to
two printers, the cost of these arrays will be approximately $40. The price will continue
to be inversely proportional to plant size; although, this is only true if the market demand
supports this amount of production. After all the start-up costs have been paid, it is seen
that the price of a DNA chip could eventually become as low as $10.
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Licensing Strategy
Once Supramolecular Nano-Stamping is patented, there is a serious possibility of
licensing this technology to other corporations, especially start-up companies. This
decision would be based on further analysis of the market and whether or not it is
determined if there is real profit potential or if all the attention that DNA microarrays is
receiving is mostly just hype. Ultimately, it is the combination of both analysis and
processing techniques that will decide if this vision will ever actually be realized. If there
is large earning potential to use SuNS in the DNA microarray market, the decision would
be to not license out the technology, but continue to build a company that would profit
from this business. If at the time, the market holds too many competitors to attain any
significant portion of the industry, then the decision would be to license out the
technology and obtain a profit, considering the possibility of earning a percentage of the
each microarray sold.
Another licensing strategy is to build up the technology for DNA microarrays, but
allow other companies to use these same techniques in other industries, such as protein
arrays. Again this decision would be made at a later date and based upon whether or not
the microarray market was yielding high enough profits. If the company were growing to
a large enough size, it may be possible for the SuNS corporation to produce chips for a
variety of industries. This would be particularly likely if SuNs could partner with another
larger corporation who would have the assets to finance this early stage of the process.
The final decision will be made at a later time after a more detailed market analysis is
accomplished.
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Plan of Action
After thorough consideration of the current DNA microarray market and
predictions for its growth, there appears to be a great deal of potential to make a profit if
good science is involved in the technology. This is the case with Supramolecular Nano-
Stamping. Because this technology can be used to make a high quality microarray at a
much lower cost than currently available, there is a large market for it. At the same time,
it is necessary to be cautious since there are so many other companies currently fighting
for market share.
There is much hype to the entire microfluidics industry meaning that there are
many competitors. Many of these companies are being funded based on the popularity of
the industry rather than the quality of their science. This provides an opportunity to attain
a decent size of the pie as these smaller companies eventually close and fall out of the
market. Essentially the deciding factor is whether or not the healthcare industry will be
ready to begin using these arrays in general practice. If so, the market will grow at such a
rapid rate that as long as a company has a strong technology, they will be able to be
profitable in the market. Until then, many factors are still unknown and the DNA market
will continue to grow and change with the times.
Because of the strong technology behind Supramolecular Nano-Stamping, it is
clear that some course of action must be taken. There is much work to be done in order
to improve the process and optimize to the point where it will be manufacturable. As this
point becomes closer, it will then be necessary to finance a company. Although there is a
chance that a large amount of government funding will be available, due to the national
defense applications of SuNS, it is more likely that venture capitalists will have to be
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used. The strategy here is to continue to search available patents (since hundreds if not
thousands will continue to be filed) and to determine whether or not the industry is really
going to explore the way current forecasters are predicting. This will be an easier task
later on since more information will be available.
Another option, which would be preferred, is to partner with a larger company
that is focused primarily on analysis techniques. In this manner, SuNS Corporation
would be able to take advantage of the larger company's reputation, as well as its assets,
in order to establish itself within the DNA microarray industry. At the same time, this
smaller company would be able to focus primarily on the Supramolecular Nano-
Stamping printing technique, while the larger company focuses more on sales and
marketing.
In summary, it is likely that SuNS will have a place in the DNA microarray
market, but many factors must still unravel before it is possible to make firm
commitments. As with any new technology, there is always risk in the beginning. In the
case of Supramolecular Nano-Stamping, it seems clear that it is currently worth
continuing toward the ultimate goal of forming a company based on this technology,
since at this point, the rewards appear to out-weigh the risks.
Future Work
In order to further understand the potential for SuNS to be profitable as a small
business, there are many other variables to consider. A more thorough market analysis
must be developed, involving a decent estimate of the competition's production cost.
Also the cost model should include more detail about production rate vs. cost. Finally the
33
fast area of intellectual property should be further explored. It is constantly changing and
many patents will continue to filed on a daily basis. This is a large industry making this
process extremely time consuming, but it is necessary to fully comprehend SuNS place in
the market.
In terms of technological development, much work needs to be done in order to
improve the SuNS process with the final goal of mass production in mind. Specifically,
the techniques involved in DNA dehybridization and the separation of the two substrates
must be improved. The time scale of DNA hybridization must also be determined when a
large scale process is considered. Finally, parameters that will affect the robustness of
the process must be determined. Controls must be put in place to ensure that small
variations in production do not yield large variations in product quality.
Conclusion
The printing method of Supramolecular Nano-Stamping (SuNS) has the potential
to create a DNA microarray product that is less expensive than ones of similar quality
that are currently on the market. This will be done through the improvement of process
efficiency so that chips can be made at a significantly higher production rate. In general,
decreasing the manufacturing time will decrease the overall product cost, especially since
this microarray replication (SuNS) is fundamentally less expensive than master slide
production.
The DNA microarray industry is a very hot market with a lot of players and a
large amount of competition. It has been shown that most companies are concerned with
DNA analysis rather than microarray production. Fortunately this leaves open a wide
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area for this type of efficient printing. Although this is advantageous to SuNS, it can not
be forgotten that there are still many start-up companies that currently exist and that will
develop in the upcoming years. Because of this, it is important to realize that
Supramolecular Nano-Stamping will still face serious competitors. The best market
strategy is to continue to develop the technology, since it is based on fundamentally good
science, but to closely watch the market grow and evolve.
Over time, as the hype of the DNA microarray industry begins to fade, it will be
the companies with the best science that will remain. In order to have the greatest
opportunities, it is important for SuNS to partner with other companies that are based
primarily on analysis. In this way, the entire microarray package can be brought to the
market, rather than just one piece of the overall product. Developing a proper business
plan and keeping a close eye on the current market is key to succeeding in such a popular
industry. Numerous patents will continue to be filed and failure to identify competitors at
an early stage could be a potential downfall of Supramolecular Nano-Stamping.
In conclusion, SuNS has the ability to revolutionize the DNA microarray industry
through development of a less expensive product. Expansion of the industry to include
healthcare providers is a necessary step if this goal is to be achieved. Although the DNA
microarray industry is currently very popular and many competitors exist, the technology
behind SuNS is worth pursuing. Attention to detail, in both research and business, will
most likely be the deciding factors in the success or failure of Supramolecular Nano-
Stamping, but current analysis shows that there is certainly a potential for future
profitability.
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